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(57) ABSTRACT

An auto-focus driving structure for installing a lens has an
optical axis. The auto-focus driving structure comprises a
main body, a lens retainer, and a driving unit. The lens retainer
1s movably disposed in the main body. The driving unit
includes a coil circuit board and a magnetic group. The coil
circuit board has a plurality of printed coils. The plurality of
printed coils corresponds to the position of the magnetic
group, thus the lens retainer can be selectively moved with
respect to a bottom portion of the main body through the

driving unait.

15 Claims, 7 Drawing Sheets
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1
AUTO-FOCUS DRIVING STRUCTURE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The instant disclosure relates to an auto-focus driving
structure; 1n particular, to a mimaturized auto-focus driving
structure.

2. Description of Related Art

In the conventional auto-focus driving devices, the auto-
focus and anti-shake structures use traditional coils along
with permanent magnets to drive the lens or the 1mage detec-
tor 1n order to provide auto-focus or compensate for unclear
captured images generated by vibrations. However, the tradi-
tional coils occupy alarge volume and have a complex assem-
bly process, which makes the continuous demand for minia-
turized electronic devices more difficult to meet.

To address the above 1ssues, the inventor strives via asso-
ciated experience and research to miniaturize auto-focus and
anti-shake driving structure and presents the mstant disclo-
sure, which can effectively improve the limitation described
above.

SUMMARY OF THE INVENTION

The object of the instant disclosure 1s to provide a minia-
turized auto-focus driving structure which facilitates assem-
bly.

In order to achieve the alorementioned objects, according,
to an embodiment of the instant disclosure, the instant disclo-
sure provides an auto-focus driving structure for installing a
lens device having an optical axis. The auto-focus driving
structure 1ncludes a main body, a lens retainer movably dis-
posedinthe main body, a movable frame movably disposed in
the main body configured beneath the lens retainer, a first
driving unmit including a coil and a first magnetic group, and a
second driving unit including a second magnetic group and a
coil circuit board.

Specifically, the coil 1s configured on the periphery of the
lens retainer. The first magnetic group 1s disposed 1n the main
body correspondingly configured to position of the coil. Fur-
thermore, the lens retainer 1s displaced relative to the main
body and along the optical axis through the first driving unat.
The second magnetic group 1s disposed on the movable
frame. In addition, the coil circuit board is configured beneath
the movable frame and has a plurality of printed coils corre-
spondingly configured to the second magnetic group. More-
over, the movable frame 1s displaced relative to the main body
along a direction (XY axis) normal to the optical axis through
the second driving unit.

In order to achieve the alorementioned objects, according,
to another embodiment of the instant disclosure, the instant
disclosure provides an auto-focus driving structure for install-
ing a lens device having an optical axis. The auto-focus driv-
ing structure includes a main body, a lens retainer movably
disposed 1n the main body, and a driving unit including a coil
circuit board and a magnetic group. The magnetic group 1s
disposed on the periphery of the lens retainer. The coil circuit
board 1s disposed 1n the main body enclosing the lens retainer
and the magnetic group and has a plurality of printed coils
corresponding to the position of the magnetic group. More-
over, the lens retainer 1s selectively displaced relative to the
main body through the driving unit.

In summary, the embodiments of the instant disclosure
provide an auto-focus driving structure, which uses thin
printed coils to substitute the relatively large traditional coils,
such that the auto-focus driving structure can be minmiaturized
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and facilitate assembly. Moreover, since the coil circuit board
has a plurality of printed coils such that the control processing
unit or control circuitry can precisely control the value of
clectric current flowing through each of the printed coils.
Consequently, the lens retainer 1s displaced respectively to
the bottom portion of the main body with high precision, and
provides precise focus and position correction, so as to pro-
vide high-precision auto-focus and shake compensation func-
tionalities.

In order to further understand the instant disclosure, the
following embodiments and 1llustrations are provided. How-
ever, the detailed description and drawings are merely 1llus-
trative of the disclosure, rather than limiting the scope being
defined by the appended claims and equivalents thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an assembled view of an auto-focus driving struc-
ture 1n accordance with the instant disclosure;

FIG. 2 1s an exploded view of the auto-focus driving struc-
ture 1n accordance with the instant disclosure;

FIG. 3 1s a perspective view 1llustrating a cross-section of
the auto-focus driving structure (along the Y-Z axis) 1n accor-
dance with the instant disclosure;

FIG. 4 1s an assembled view of the auto-focus driving
structure 1illustrating a second embodiment 1n accordance
with the instant disclosure;

FIG. 5 1s an exploded view of the auto-focus driving struc-
ture 1llustrating the second embodiment 1n accordance with
the instant disclosure;

FIG. 6 1s a perspective view 1llustrating a cross-section of
the auto-focus driving structure i accordance with the sec-
ond embodiment of the instant disclosure;

FIG. 7 1s a schematic diagram 1llustrating an operation state
of the auto-focus driving structure in accordance with the
second embodiment of the instant disclosure; and

FIG. 8 1s another schematic diagram 1llustrating another
operation state of the auto-focus driving structure in accor-
dance with the second embodiment of the mstant disclosure.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The aforementioned 1llustrations and detailed descriptions
are exemplarities for the purpose of further explaining the
scope of the mstant disclosure. Other objectives and advan-
tages related to the istant disclosure will be illustrated 1n the
subsequent descriptions and appended drawings.

First Embodiment

Please refer to FIG. 1, the instant embodiment provides an
auto-focus driving structure 100 for installing a lens 1. Please
refer to FIGS. 2 and 3. The auto-focus driving structure 100 of
the instant embodiment includes a main body 10, a lens
retainer 20, a movable frame 21, a first driving unit 30 and a
second driving unit 40.

The main body 10 includes a housing 11 and a base 12. The
housing 11 1s preferably made of metal or materials alike, the
base 12 1s preferably made substantially of plastic or materi-
als alike, and the base 12 i1s assembled to the housing 11
proximate to a bottom portion of the main body 10. The base
12 also includes a plurality of protrusions. The lens retainer
20 1s movably disposed 1n the main body 10. The lens 1 1s
disposed i1n the lens retainer 20. The lens 1 and the lens
retainer 20 has a common optical axis L, which 1s defined as
the same direction as 1n the Z-axis (as 1 the Cartesian coor-
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dinate system), while a plane normal to the optical axis L 1s
defined as the plane having an X-axis and a Y-axis (as in the
Cartesian coordinate system), and the X, Y, and Z-axis are
respectively normal to each other.

The movable frame 21 movably disposed 1n the main body
10 and configured beneath the lens retainer 20. The center
portion of the movable frame 21 may have a compensating,
lens mounted therein (not shown 1n figures).

The first driving unit 30 includes a coil 31 and a first
magnetic unit 32. The coil 31 1s fixed on the periphery of the
lens retainer 20. The first magnetic unit 32 preferably
includes four magnets. The magnets are configured 1n the
main body 10 corresponding to the position of the coil 31.
When the first magnetic unit 32 and the coil 31 interact, the
lens retainer 20 can be displaced along the optical axis L
(z-axis direction) relative to the bottom portion of the main
body 10.

The driving unit 40 includes a second magnetic umit 41 and
a coil circuit board 42. The second magnetic unit 41 1s con-
figured proximate to the periphery portions of the movable
frame 21. The coil circuit board 42 1s configured towards the
bottom portion of the main body 10. The coil circuit board 42
has a plurality of printed coils 42x, 42y. When the printed
coils 42x, 42y and the second magnetic group 41 interact, the
movable frame 21 1s horizontally (along the X and Y axes)
displaced relative to the bottom portion of the main body 10.
Moreover, an anti-magnetic sheet (not shown 1n figures) such
as an iron sheet can be dispose on the movable frame 21 or
towards the bottom of the lens retainer 20 to prevent the first
magnetic group 32 and the second magnetic group 41 from
magnetically interfering with each other.

Specifically, the first driving unit 30 of the mstant embodi-
ment can be for example an auto-focus driving unit. When an
clectric current tlows through the coil 31, an electromagnetic
field 1s generated, which interacts with the magnetic field of
the first magnetic group 32. Thusly, an upward driving force
1s generated such that the lens retainer 20 can be displaced
along the optical axis L relative to the bottom portion of the
main body 10. In other words, focus adjustments are pro-
vided. Upward 1n the instant embodiment refers to the Z-axis
and serves only as an exemplary reference. Furthermore, the
second driving unit 40 of the instant embodiment can be for
example an anti-shake driving unit. The second magnetic
group 41 includes at least one X-axis magnet 41x and at least
one Y-axis magnet 42Y. The coil circuit board 42 has at least
one X-axis printed coil 42x corresponding to the X-axis mag-
net 41x, and at least one Y-axis printed coil 42y corresponding,
to the Y-axis magnet 41y. When an electric current flows
through the X-axis printed coil 42x, an electromagnetic field
1s generated which interacts with the magnetic field of the
X-axis magnet 41x to create a horizontal (refers to the X and
Y directions) driving force. Thusly, the movable frame 21 can
be displaced along the X-axis. Alternatively, when an electric
current tlows through the Y-axis printed coil 42y, the Y-axis
magnet 41y interacts with the Y-axis printed coil 42y to gen-
erate a horizontal (refers to the X and Y directions) driving
force such that the movable frame 21 can be displaced along
the Y-axis. As a result, the aforementioned displacements
offset shaking.

In the mstant embodiment, the auto-focus driving structure
100 can also include an elastic member 50 which abuts the
lens retainer 20 and the movable frame 21. The elastic mem-
ber 50 includes an upper elastic member 51 and a lower
clastic member 52. The upper elastic member 51 has a fixing
outer ring and an elastic inner ring. The elastic inner ring of
the upper elastic member 51 abuts the brim of the lens retainer
20. Similarly, the lower elastic member 52 also has a fixing
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outer ring and an elastic inner ring. The elastic inner ring of
the lower elastic member 52 1s configured between and abut-

ting a bottom portion of the lens retainer 20 and a top portion
of the movable frame 21. Moreover, the main body 10 also
includes a frame 13. The frame 13 and the magnetic group 32
can cooperatively press against the fixing outer ring of the
upper elastic member 51. The fixing outer ring of the lower
clastic member 52 1s fixed on the protrusions 121 of the base
12. Via the resilience characteristic of the elastic member 50,
the speed 1n which the displacements (displacements by the
driving forces of the first and second driving units 30, 40) of
the lens retainer 20 and the movable frame 21 being restored
to the respective positions can be enhanced.

The second driving unit 40 of the instant embodiment or
the anti-shake driving unit improves upon the traditional large
anti-shake coils with the thin printed coils. As a result, the
auto-focus driving structure 100 of the instant embodiment 1s
miniaturized which facilitates assembly and efficiently uses
space. For example, the displacement sensor 43, which can
detect changes 1n positioning, such as Hall effect sensors,
magnetoresistive sensors, magnetic tlux sensors, or the sen-
sors alike can be disposed on the coil circuit board 42 corre-
sponding to the position of the magnetic group 41. Alterna-
tively, a control processing unit or control circuitry (not
shown 1n figures) can be mtegrated on the coil printed circuit
42. Furthermore, the coil printed circuit 42 can be a multi-
layered printed circuit board. Consequently, multi-layered
printed coils 42x, 42y can be printed along with the printing of
cach multi-layered printed circuit board. The printed coils
42x, 42y can be stacked and disposed in the coil circuit board
42 1n order to increase the itensity of the magnetic field, and
simplity assembly.

Second Embodiment

Please refer to FIGS. 4 and 6. The auto-focus driving struc-
ture 200 of the instant embodiment includes a main body 10,
a lens retainer 20', and a driving unit 30'. The instant embodi-
ment differs from the previous 1n that, the auto-focus driving
structure 200 of the instant embodiment has only one driving,
unit 30'. The driving unit 30' includes a coil circuit board 31
and a magnetic group 32'. The magnetic group 32'1s fixed on
the periphery of the lens retainer 20'. The coil circuit board 31
1s disposed 1n the main body 10' enclosing the lens retainer 20
and the magnetic group 32'. The coil circuit board 31' has a
plurality of printed coils 311x, 312x, 311y, 312y correspond-
ing to the position of the magnetic group 32'.

Specifically, the magnetic group 32' includes at least two
X-axi1s magnets 321x, 322x and two Y-axis magnets 321y,
322y. Fach X-axis magnet 321x, 322x 1s aligned parallel
along the X axis with respect to each other and normal with
respect to each of the Y-axis magnets 321y, 322y. The coil
circuit board 31' has at least two X-axis printed coil 311x,
312x corresponding to the two X-axis magnets 321x, 322x
and at least two Y-axis printed coils 311y, 312y corresponding
to two Y-axis magnets 321y, 322y. When the same electric
current flows through the X-axis printed coils 311.x, 312x and
the Y-axis printed coils 311y, 312y, the lens retainer 20' can
displace along the optical axis L relative to the base 12! due to
an upward driving force F via magnetic field. Consequently,
focal length (as shown 1n FIG. 7) of the auto-focus driving
structure 200 1s adjusted. When each of the X-axis printed
coils 311x, 312x or Y-axis printed coils 311y, 312y 1s passed
with a different electric current, the lens retainer 20' can tilt
along the X-axis or the Y-axis to offset any shaking. Please
refer to FIG. 8. When a relatively large electric current tlows
through the X-axis printed coil 312x, a relatively larger driv-
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ing force F1 1s generated, and when a relatively smaller cur-
rent flows through the other X-axis printed coil 311.x, a rela-
tively smaller driving force F2 1s generated. Since driving
force F1 1s larger than the driving force F2, the lens retainer
20" can t1lt slightly towards the one direction along the X-axis,
whereas when the driving force F1 1s smaller than the driving
torce F2, the lens retainer 20' can tilt slightly towards the other
direction along the X-axis. Similarly, when the Y-axis printed
coils 311y, 312y are passed with different electric current, the
lens retainer 20" can tilt along the Y-axis. The lens retainer 20
of the auto-focus driving structure 200 1n the instant embodi-
ment can upwardly and downwardly displace along the opti-
cal axis LL or t1lt in the direction of the X and Y axes. The lens
retainer 20' can be selectively displaced relative to the bottom
portion of the main body 10' such that only one driving unit
30' 1s necessary to provide anti-shake optical offsetting and
auto-focus functions while providing mimaturization. In
addition, the coil circuit board 31' of the instant embodiment
can be integrated with a displacement sensor 43 which can
detect changes in positioning, a control processing unit or
control circuitry on the coil circuit board 31'. Thus, providing
case of assembly and eflicient use of space.

The instant embodiment uses thin printed coils to substi-
tute the relatively large traditional coils such that a plurality of
printed coils can be used. Moreover, with the control process-
ing unit or control circuitry, the value of electric current
flowing through each of the printed coils can be precisely
controlled according to the data provided by the displacement
sensor. Consequently, the lens retainer can be selectively and
precisely displaced with respect to the bottom portion of the
main body to provide precise focus and position correction,
so as to provide high-precision auto-focus and shake com-
pensation functionalities.

The figures and descriptions supra group forth illustrated
the preferred embodiments of the instant disclosure; however,
the characteristics of the mnstant disclosure are by no means
restricted thereto. All changes, alternations, combinations or
modifications conveniently considered by those skilled 1n the
art are deemed to be encompassed within the scope of the
instant disclosure delineated by the following claims.

What 1s claimed 1s:

1. An auto-focus drniving structure for installing a lens
device having an optical axis, comprising:

a main body;

a lens retainer movably disposed in the main body;

a movable frame movably disposed 1n the main body and

coniigured beneath the lens retainer;

a first driving unit including a coil and a {first magnetic
group, the coil configured on the periphery of the lens
retainer, the first magnetic group disposed 1n the main
body correspondingly configured to the coil, the lens
retainer displaced relative to the main body and along
the optical axis through the first driving unit; and

a second driving unit including a second magnetic group
and a coil circuit board, the second magnetic group
disposed on the movable frame, the coil circuit board
configured beneath the movable frame, the coil circuit
board having a plurality of printed coils correspondingly
configured to the second magnetic group, and the mov-
able frame displaced relative to the main body along an
X-axis direction and a Y-axis direction normal to the
optical axis through the second driving unit.

2. The auto-focus driving structure as recited in claim 1,

wherein the second magnetic group includes at least one
X-ax1s magnet and at least one Y-axis magnet.
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3. The auto-focus driving structure as recited in claim 2,
wherein the coil circuit board has at least one X-axis printed
coil corresponding to the position of the X-axis magnet, and
at least one Y-axis printed coil corresponding to the position
of the Y-axis magnet.

4. The auto-focus driving structure as recited 1n claim 1,
wherein the main body includes a housing and a base, the base
1s configured beneath the main body and 1s assembled to the
housing, and the coil circuit board 1s disposed on the base.

5. The auto-focus driving structure as recited in claim 1
further comprising;

an elastic member abutting the lens retainer and the mov-

able frame.

6. The auto-focus driving structure as recited in claim 1,
wherein the coil circuit board 1s a multi-layered printed cir-
cuit board, and the printed coils are stacked and disposed 1n
the coil circuit board.

7. The auto-focus driving structure as recited 1n claim 1,
wherein the first driving unit 1s an auto-focus driving unit, and
the second driving unit 1s an anti-shake driving unait.

8. The auto-focus driving structure as recited in claim 1
further comprising;

a displacement sensor disposed on the coil circuit board

corresponding to the position of the magnetic group.

9. An auto-focus driving structure for installing a lens
device having an optical axis, comprising:

a main body;

a lens retainer movably disposed 1n the main body; and

a driving unit including a coil circuit board and a magnetic

group, the magnetic group disposed on the periphery of
the lens retainer, the coil circuit board disposed 1n the
main body enclosing the lens retainer and the magnetic
group, the coil circuit board having a plurality of printed
coils, the printed coils corresponding to the position of
the magnetic group, and the lens retainer selectively
displaced relative to the main body through the driving
unit.

10. The auto-focus driving structure as recited in claim 9,
wherein the magnetic group 1includes at least two Y-axis mag-
nets and at least two X-axis magnets aligned normal to the
Y-axis magnets.

11. The auto-focus driving structure as recited in claim 10,
wherein the coil circuit board has at least two X-axis printed
coils and at least two Y-axis printed coils, the X-axis printed
coils corresponding to the position of the X-axis magnets, and
the Y-axis printed coils corresponding to the position of the
Y-axis magnets.

12. The auto-focus driving structure as recited 1n claim 9
further comprising;

an elastic member abutting the lens retainer.

13. The auto-focus driving structure as recited 1n claim 9,
wherein the coil circuit board 1s a multi-layered printed cir-

cuit board, and the printed coils are stacked and disposed 1n
the coil circuit board.

14. The auto-focus driving structure as recited in claim 9,
wherein the driving unit 1s an auto-focus and anti-shake driv-
ing unit.

15. The auto-focus driving structure as recited 1n claim 9
further comprising;

a displacement sensor disposed on the coil circuit board

corresponding to the position of the magnetic group.
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